Introduction
The inhalation route remains the mainstay of therapy for asthma and chronic obstructive pulmonary disease (COPD). This confers a number of advantages such as delivery of medication directly to the site of action resulting in faster onset. It also allows smaller doses to be administered and therefore signifi cantly reduces systemic side effects compared with oral therapy. The drug treatment regime for the majority of patients with asthma and COPD is straightforward and is documented in many guidelines [1] [2] [3] . However, the choice of which inhaler device to use is less straightforward. Rather than being spoilt for choice, we are frequently confused by the everincreasing number of devices available. Although inhalation therapy is now the mainstay of asthma treatment, for most patients such treatment is still not optimal. The delivered dose can vary widely between different delivery systems and between patients depending on how well they use a particular device. Many new inhaler devices have become available, and their competing pharmaceutical company promotional claims can confuse both prescribers and patients. This review provides clinical practice recommendations based on evidence to date on the effectiveness of inhaler devices.
Evidence to date
The choice of delivery system should depend on the patient, the drug and the device. The hand-held inhaler device systems available can be broadly divided into two classes: pressurised metered-dose inhalers (pMDIs) used with or without spacer devices and dry powder inhalers (DPIs). Pressurised metereddose inhalers (pMDIs) are usually the cheapest inhaler device and are often regarded as fi rst choice, but their effi ciency is dependent to a large degree on an individual's ability to use them properly. MDIs require the co-ordination of actuating the delivery of drug with slow inhalation by the patient. Therefore, they are not appropriate for young children, people with arthritis and many elderly patients. Studies have shown that 50% to 80% of adults have diffi culty using a pMDI [4] [5] [6] . The breath-actuated pMDIs (e.g. Autohaler, Easibreathe) do not require co-ordination of actuation and inhalation.
Inhalers with or without spacer devices
One of the most important advantages of the pMDIs is their use in emergency management of asthma, either alone, or in combination with spacer devices [7] [8] [9] . Spacer devices were developed to overcome some of the problems of pMDIs. There are two main types: (1) Valved holding chambers ( Figure 1 ), examples include the Volumatic (GlaxoWellcome, Uxbridge, UK) and the Nebuhaler (AstraZeneca, Kings Langley, UK; (2) Extension devices ( Figure 2 ), examples of which are the Optihaler (Philips Respironics, Parisppany, USA) and Aerochamber (Trudell Medical, Ontario, Canada). The valved holding chambers tend to have large volumes of typically 750 ml and allow the patient to breathe tidally from a reservoir of drug. Extension devices provide a space between the inhaler and the patient, allowing the aerosol to slow and the propellants to evaporate, reducing the size of the drug particles from the pMDIs and trapping large particles in the device. They usually take the form of a tube of similar diameter to the mouthpiece of the pMDI and are of much lower volume (e.g. 125 ml) than the valved holding chambers. The effectiveness of spacer devices (both valved and extension) has not been well documented in terms of pulmonary deposition and side effect profi le. Even when using extension devices with pMDIs, coordination is still required for optimal drug delivery but coordination may be less critical with valved holding chambers. In young children valved holding chambers provide the recommended delivery system.
The requirement for a degree of coordination still prevents some patients, particularly the elderly from using pMDI and spacer devices of either type.
Benefi ts of HFA (CFC-free) inhaler devices
One of the major developments with the pMDIs in the past several years has been the replacement of CFC propellant formulations with hydrofl uoroalkane (HFA). The pMDIs contain the drug either dissolved or suspended in one or more propellants, along with a surfactant or dispersal agent (oleic acid), used not only to keep the drug suspended in the propellants but also to lubricate the valve mechanism [10, 11] . One of the important differences noted in the HFA propelled inhaler is the "softer" spray. This is due to formulation changes and the required redesign of the valve and actuator in order to provide the same dose delivery as the chlorofl uorocarbon (CFC) pMDI [12] . Some clinical trials conducted using bronchodilators [13] [14] [15] [16] and corticosteroids [17] [18] [19] have shown equivalent response and safety profi le of HFA-pMDI to CFC-pMDI. Although the initial design of the HFA-pMDI was to deliver the same drug dose as the old CFC-pMDIs recent large retrospective cohort studies have since shown that the HFA-pMDI containing corticosteroids provides effi cacy and safety at roughly half the dose compared to CFC-pMDI [20] [21] [22] .
Dry powder inhalers
Dry powder inhalers (DPIs) (e.g. Turbuhaler, Diskhaler) create aerosols of dry powder by directing air through a quantity of loose powder. DPIs are either single or multiple dosing and are similar to breath-actuated pMDI devices in that they do not require co-ordination between actuation and inhalation by the patient. However, the dispersion of the powder into respirable particles is dependent on the creation of turbulent fl ow in the inhaler. This fl ow is dependent on the patients' ability to inhale the powder with suffi ciently high inspiratory fl ow rate to effectively dispense the powder. This is important in patients who are not able to generate high enough inspiratory fl ow rates, especially during acute exacerbations and in severe COPD. Some studies [23] [24] [25] , have shown that the DPIs have equivalent response to pMDIs while other studies These studies failed to account for the dose left behind (40-60% of label claim) in the DPI reservoir in their calculation of deposition. If this was corrected for, lung deposition would be similar to that of the pMDI when used with correct technique [30] . Furthermore, studies conducted in different diseases (asthma versus COPD) and different age groups (children, adults or the elderly) cannot be extrapolated to other or all diseases or ages.
Lung deposition studies and clinical effectiveness
It is also important to know how relative effi cacy is assessed with each inhaler device. This can be measured in crossover studies, which compare inhalers containing bronchodilators, by measuring lung function (e.g. FEV1). However, comparisons of the effi cacy of different devices for delivery of inhaled corticosteroids are not as easy. Studies using corticosteroids usually require longer time periods and crossover designs are rarely suitable due to the requirement for long washout periods. The most frequently encountered problem with studies that compare inhaler devices is that they are designed to be comparative trials with a null hypothesis of bioequivalence (equal effi cacy) and are therefore not powered to detect nonequivalence or differences between devices. Failure to detect a difference should not necessarily imply equivalence.
Conclusion
Due to the ever increasing number of inhaler devices and the competing claims made by pharmaceutical companies, it is often diffi cult for prescribers to choose the best device for their patients. The most extensive systematic review with metaguided by clinically meaningful outcomes. Arch Pulmonol Respir Care 3(2): 044-047.
analysis conducted to date [31] , involving over 100 randomised controlled trials and 1000's of patients concluded that in patients with stable asthma the standard pMDIs is as effective as any other hand-held inhaler device and that the therefore the cheapest available device that the patient is able to use should always be considered. The review also called for pharmaceutical companies include clinical outcome data (as opposed to in vitro data) when submitting medicine applications for approval by regulatory authorities, particularly in support of any dosing schedules greater than 1:1 when compared with the standard pMDI. Results of this large systematic review clearly suggests that all inhaler devices are suitable delivery systems for many patients although there are known limitations for some patients (e.g. young, physically impaired and the elderly). Therefore, healthcare professionals advising patients should be encouraged to use the cheapest drug delivery device that the patient is able to use while at the same time considering optimal effi cacy, inspiratory fl ow rates, side effects, patient preference and compliance as important factors.
